Abstract. Electromagnetic turbulence thought to be responsible for anomalous transport in magnetic confinement devices such as tokamaks is very complicated, involving a multitude of physical processes, length and time-scales. It cannot be investigated by traditional linear theories any more than aerodynamic fluid turbulence. The relatively longer wavelength (kxPi <C 1), low frequency (w £± u>* <C w ci ) drift-type modes are, however, susceptible to a direct numerical solution approach pioneered in the case of fluid turbulence by Orszag and Patera. A substantial two-fluid nonlinear code called CUTIE has been developed at Culham in recent years to study the nonlinear saturation and transport consequences of electromagnetic drift wave turbulence in simplified tokamak geometry. This development and some results obtained using such a model are briefly described in this contribution.
INTRODUCTION
The CUTIE code simulates low frequency (w ^ u>, <C <+> c i)> relatively long wavelength {k^pi -C l;m,n up to 20-30) drift-like fluctuations using a periodic cylinder (r,9,<j> = -g) geometry and tokamak ordering (ie -| <C 1, J* <C 1,/? -C 1)). Quasi-neutrality is assumed as well as suitable sources of particles, energy, current etc and transport co-efficients to take account of neoclassical 'parallel/perpendicular' effects. Standard nonlinear two-fluid+Maxwell equations (Refs. [1] , [2] )-are solved for the seven variables, n e , T e , Tj, V\\, $, W and fi (parallel vorticity). are appropriate perpendicular diffusivities. In addition, x! ) , Xf)l ~/ i ) , X/? must also be specified. Finally, p, = nTe,pi = nTi. Standard b.cls are applied.
EQUATIONS OF MOTION (1)
(
SOLUTION PROCEDURE AND RESULTS
The mean equations take the form:
Finite-differencing yields a tri-diagonal matrix system whicli can be inverted by the well-known Gaussian elimination algorithm. The equations for the fluctuating variables also take an advectiondiffusion/parabolic form. Let p ( r , 6, z , t) be the fluctuatillg quantity and advected by a velocity field V(r, 0, z, t) which may be V or VMHD All terms whicli are not advected or diffused are written as a source term ~(~) ( r , 6 , The plasma current is held fixed at about 100 kA. We assume that BoB(r, t ) evolves accoicling to Spitzer 7 . The turbulent fluctuations are subjected to an 'anomalous1 diffusivity of the foun. % {I%/ + A 1~4~1); where h is a suitable normalising factor. This amounts to choosing a particular model of 'subgrid' turbulence. We take the self-induced mean poloidal E x B flow due to 9 plus a fisecl profile of toroidal flow of the form, V&(T-) = I& (1 -5) with Vo = 5 x 106 cm/sec and hold it constant through the calculation.
Relatively strong particle and ion heating source terms were prescribed with ion temperatures essentially feed-back controlled. The electrons are heated ohmically and equilibrate with the ions. A simulation was carried out for 750 microseconds of 'real time'. The run took 35,000 seconds of Cray (ymp) cpu time. The plasma density rises linearly with t from its initial central value of 5 x 10 13 /cc to 4 X 10 15 /cc. This is of course rather unrealistic and due to the strong particle source. During this time the electron temperature rises monotonically from 0.1 keV to 1.6 keV and approaches saturation (ion temperature profile is fixed by feed-back). The loop voltage rises sharply to 2 volts in the first 100 [is and then falls to a value of 0.3 volts (somewhat smaller than experiment but consistent with the electron temperature of 1.6 keV). The density fluctuations and the associated particle flux are essentially localised at the periphery (Fig 1) . Contour plots of $, <J and ft in a poloidal plane are shown in Figs.2-4 . These correspond to the final epoch. The 'enstrophy' integral has been monitored as a function of time and shows saturation of the turbulence. The vorticity and current fluctuations show 'mesoscale' radial structures with radial correlations larger than grid-scales and Larmor radii. High densities (relatively smaller Alfven speed) associated with strong particle sources appear to have a stabilizing effect on these nonlinearly saturated turbulent states. The effective confinement time is of the order of 1 ms. This 'transient', driven, ran with strong sources shows several characteristics of 'improved confinement' regimes in the presence of strong toroidal flows and sources.
CONCLUSIONS
This work gives an outline of the design philosophy and the methods employed in the CUTIE code to investigate the problem of turbulent plasma evolution under typical tokamak (COMPASS-D) conditions. At this time, the challenge offered by this problem is truly formidable and the present attempt at its solution is one of many approaches [3] reported in the literature. The finer scales ('subgrid turbulence') are modelled phenomenologically. In spite of the relative simplicity of the physical model, the results presented are suggestive. Under the influence of sources, the system appears to become nonlinearly "self-organised" and evolves substantial (but saturated) fluctuations in the vorticity and current density. Quasi-coherent structures spontaneously appear in the simulation. In conclusion, CUTIE is a powerful computational tool capable of investigating tokamak turbulence and transport. at 0.75 msec.
